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Abstract 
External debt and GDP relationship has long been a focus of interest. The outcome of time series analyses and a few panel data 
outcome of previous studies are contradicting. In an attempt of unifying we have tried a panel data model of 17 selected OECD 
countries. We have estimated pooled regression, fixed effects and random effects models. The result in this first round of 
estimation was in favor of fixed and ultimately random effects model. However, error terms of all these models turned out to be 
serially correlated. To overcome this problem several alternative dynamic models have been experimented. Overall result of 
study shows that for the OECD countries the foreign debt growth relationships is a positive one. Although there are some 
countries in the world that have a negative relationship, for the case of OECD at least, positive relationships are indicative of 
good policy administration. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of ICEF 2015. 
Keywords: Foreign Debt, Growth Performance, Panel Data, Dynamic Models  
JEL Codes: F21, F34, F43, O10, O40 
 
 
                                                          
* Corresponding author. Tel.:+90-212-683-6829. 
  E-mail address: mkaragoz@yildiz.edu.tr 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of ICEF 2015.
431 Murat Karagoz and Mehmet Caglar /  Procedia Economics and Finance  38 ( 2016 )  430 – 437 
1. Introduction 
External debt and GDP relationship has long been a focus of interest for many econometricians. Most of studies 
in this area depend on single country time series analysis. However, there are a few panel data studies as well. 
Unfortunately the outcome or findings of these studies are contradicting. Present study aims at a unifying analysis 
for the research in this particular area. We have tried a panel data model of 17 selected OECD countries. We have 
estimated pooled regression, fixed effects and random effects models. Diagnostic tests have revealed that the fixed 
effects model performs best. Furthermore, the outcomes have established that there is a positive and strong 
relationship between gross external debt and economic growth rate of countries. 
 
A survey of previous studies held in the area of external debt GDP relationships is summarized in the Table 
below. 
 
Table 1. A Survey of Studies Held in Growth-External Debt Relationship 
Studies by Authors Variables Involved Methodology Used Data Conclusion 
Ahmed, Butt and Alam 
(2000) 
Real GDP 
Real Export 
External Debt Servicing 
Granger causality South and South-
East Asian countries 
(8 countries) 
Annual 
1970-1997 
Not 
significant 
Atique and Malik 
(2012) 
Real GDP Growth Rate 
External Debt  
Net Total Investment to GDP  
Inflation  
Labor Participation Rate  
Corruption Perception index 
Ordinary 
Least Square (OLS) 
Pakistan 
Annual 
1980-2010 
Negative  
Babu, Kiprop, Kalio 
and Gisore (2014) 
Real GDP per capita 
Ext. Debt to GDP ratio 
İnvest. 
Govern. Expenditure 
Terms of Trade 
Opennes 
Panel Fixed - Effects 
Model 
East Africa 
Community 
Annually  
1970 - 2010 
Negative 
Bashar, Dey and 
Rahman (2012) 
Real GDP  
External debt 
Time series econometric 
technique 
Granger’s Causality test 
Bangladesh  
Annual 
1972-2010 
Positive 
 
Bi-directional 
causality 
Bilginoglu and Aysu 
(2008) 
GNP 
Fixed Capital Investments 
Population Growth Rate 
External Debt (% GNP) 
Openness 
Share of Ministry of Education + 
Higher Education Instıtutıons in 
Consolidated Budget 
Ordinary Least Square 
(OLS) 
Turkey 
Annual 
1968 - 2005 
Negative 
Cevik and Cural (2013) GDP 
External Debt 
Internal Debt 
External Debt (Public) 
External Debt (Private) 
Vector Autoregression 
Model (VAR)  
Toda-Yamamoto Causality 
Technique 
Turkey 
Quarterly  
1989:01-2012:04 
Positive 
Cogurcu and Coban 
(2011) 
Real GDP 
Export +Import / GDP 
Population Growth Rate 
Fixed Capital Investments / GNP 
External Debt Stock / GNP 
Share of Ministry of Education + 
Higher Education Instıtutıons in 
Consolidated Budget 
Johansen co-integration 
method 
Ordinary Least Square 
(OLS) 
Turkey 
Annual 
1980-2009 
Negative 
Eratas and Nur (2012) GDP Growth Rate  
External Debt Stock / GDP 
Common Correlated Effect Emerging Market 
Economies (10 
countries) 
Annual 
1990-2010 
Negative 
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Table 1. A Survey of Studies Held in Growth-External Debt Relationship (continued) 
Studies by Authors Variables Involved Methodology Used Data Conclusion 
Kasidi and Said (2013) GDP 
External Debt Stock  
Debt Servicing 
Ordinary Least Square 
(OLS) 
Johansen co-integration 
method 
Tanzania  
Annual 
1990-2010 
Positive 
(No long run 
relationship 
between 
external debt 
and GDP) 
Korkmaz (2015) Real GDP 
Gross External Debt Stock 
Vector Autoregression 
Model (VAR) 
Turkey 
Quarterly 
2003:Q1-2014:Q3 
Positive 
Lyoha (1999)  GNP  
Total External Debt Stock 
Exports of Goods And Services 
Total Debt Outstanding And Disbursed 
Total Debt Service 
International Reserves 
Imports of Goods and Services 
Ordinary Least Square 
(OLS) 
Sub-Saharan 
African Countries  
Annual 
1970-1994 
Negative 
Šimić and Muštra 
(2012) 
Real GDP growth rate 
Investment 
Openness 
Public Debt 
External Debt 
Dynamic Panel Data 
Analysis 
Central, East and 
Southeast Europe 
(18 countries) 
Annual 
1990- 2010 
Negative 
Uysal, Özer and 
Mucuk (2009) 
Economic Growth  
External Debt 
Vector Autoregression 
Model (VAR) 
Turkey 
Annual 
1965-2007 
Negative 
Uzun, Karakoy, 
Kabadayi and Emsen 
(2012) 
GDP per capita Growth Rate 
External Debt to Export 
Openness 
Panel Autoregressive 
Distributed Lag 
Model (ARDL) 
Transition Countries 
(27 countries) 
Annual 
1991-2009 
Positive 
Zaman and Arslan 
(2014) 
GDP 
Gross Domestic Saving  
Gross Capital Formation  
External Debt Stock 
Ordinary Least Square 
(OLS) 
Pakistan  
Annual 
1972-2010 
Positive 
Zouhaier and Fatma 
(2014) 
Real Growth Rate of GDP per Capita 
The Real Growth Rate of GDP Per 
Capita Lagged  
Investment 
Trade Openness 
Inflation 
Total Debt to GDP 
External debt (% of GNI) 
Public and Private Guarantee Debt 
The short-term debt 
Change in Total External Debt 
Dynamic panel data model Developing 
Countries (19 
Countries)  
Annual 
1990-2011 
Negative 
 
2. Data and Methodology 
Under the assumption that the intercept and slope parameter do not change over the cross-section units and time 
dimension, the pooled regression model can be constructed as follows 
 
ititit XY HED         (1) 
 
Here D  and E  are common for all individuals and periods. Especially for macro panels the above model may 
not be sufficient. In many cases, panels over the countries and firms due to unobserved variables there might be 
heterogeneity between countries and firms. In that case although the slope parameter might still be the same for 
across the units and time periods, the intercept will be changed from one unit to another as follows: 
ititiit XY HED         (2) 
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where iD  represents the changing intercepts from one unit to another. This model can be consistently estimated 
using dummy variables for the change in the intercept for each individual unit. Hence this method called as least 
squares dummy variable LSDV.  
 
There will be a bias in the parameter estimates in using pooled regression when the correct model is the fixed 
effects. In an empirical case, any significant difference between these two models can be discovered by constrained 
F test. The polled model will be restricted model while the fixed effects will represent the unrestricted one. The null 
hypothesis of DDDD     N21   implying the pooled regression will be tested against the alternative of 
ji DD z  for ),( ji implying the fixed effects. Using the restricted and unrestricted residual sum of squares 
poolRSS  and femRSS  the test statistics can be calculated as  
 
)/(
)1/()(
KNNTRSS
NRSSRSS
F
fem
femprm
cal 
     (3) 
 
And the null hypothesis will be rejected if this value exceeds the critical value of )KNNT);(N(tab FF  1 at 
5 % significance level for example. That would imply the existence of heterogeneity across the cross section units. 
Here K  is the number of explanatory variables other than constant parameters.  
 
If the iD  components in the fixed effects model treated as random components within the error term the then the 
random effects models come forward. Here as the error term itiit u DH  consists of two random components, the 
model called variance component model as well. It is assumed that both components identically and independently 
distributed with zero mean and constant variance. As these two components are correlated, the model is estimated by 
generalized least squares. In order to make a decision in between random and fixed effect models, Hasuman test can 
be used to test the null of random effects against the fixed effects.  
 
Under the null hypothesis, the GLS estimator is consistent and efficient. LSDV estimator, on the other hand, is 
consistent even if the null is not valid. As a matter of fact, tolerating the risk of efficiency loss, the LSDV estimator 
can be used in both cases. However, if Hausman test suggests the independence of fixed effects and explanatory 
variables, then random effects estimators can be used as a more efficient estimator.  
 
Having estimated these models, the existence of autocorrelation in the error terms should be checked. In the case 
of autocorrelation the estimates and test results will be unreliable.  
 
Bhargava et al (1982) generalized the standard Durbin Watson test and generated new critical values for panel 
data. Under the assumption of first order autocorrelation itt,iit vuu  1U the panel data DW test statistic is 
given by  
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¦¦
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1     (4) 
 
Comparing to standard DW table values, the critical values prepared for pd  have narrower inconclusive 
intervals of Ld  and Ud  thereby Ud4  and Ld4  which lead to more powerful a test.  
 
When the error terms are autocorrelated, to account for this serial correlation, dynamic models are needed. If the 
lagged values of dependent variable appear on the right hand side among the explanatory variables, then the model 
has a recursive structure, that is, a dynamic model. A simple autoregressive panel data model is  
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itiitt,iit uXYY   DEJ 1   N,,2,1i   T,,,t 21      (5) 
 
Nevertheless, due to the correlation of lagged dependent variable error term given as itiit
u DH
 the LS 
estimators will be biased and inconsistent.  
 
If a panel data variable follows an AR(1) process of  
 
itt,iit uYY  1JD   N,,2,1i   T,,,t 21    (6) 
 
then, subtracting the term 1t,iY  from both sides of the equation, similar to the Dickey-Fuller unit root test for 
univariate time series approach,  
 
itt,iiit uY)(Y  11 JD'         (7) 
 
or having J3  1  then the common unit root regression of 
 
itt,iiit uYY  13D'        (8) 
 
can be formed for all panel units. If each units has different unit root processes then  
 
itt,iiiit uYY  13D'  N,,2,1i   T,,,t 21    (9) 
 
Were a different unit root is allowed for each unit. While Levin, Lin ve Chu (2002) unit root test envisages common 
unit roots as  
 
00   33 i:H  01  33 i:H   N,,2,1i   
 
Other unit root tests such as Breitung (2000), Im, Pesaran ve Shin (2003), accounts for individual unit roots as  
 
00  i:H 3   01 i:H 3    N,,2,1i   
 
Whether the regression to be set up in between two panel data variables is spurious or not can be deduced by 
performing a panel cointegration test. To this end, two different approaches depending on different set of 
assumptions are being used. One is the extension of Engle-Granger approach namely Pedroni and Kao test, another 
one Fisher test depending on Johansen approach (Maddala ve Wu, 1999). We have preferred Fisher test depending 
on Johansen cointegration due to extensive use in time series and ease of interpretation. Fisher test consist of 
calculating the trace and eigenvalues of coefficients matrices i
3
 in the auxiliary regression 
 
itt,iiit uYY  13'  N,,2,1i   T,,,t 21      (10) 
 
Here the complicated calculations have been avoided.  
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3. Basic Findings 
In the Pedroni Residual Cointegration Test using Newey-West fixed bandwidth and Bartlett kernel, including 
deterministic intercept and trend, the null hypothesis of no cointegration was rejected at the significance probability 
of 0.0137 for Panel ADF-Statistic and 0.0041 for Group ADF-Statistic. Therefore we moved forward for panel data 
regression modeling. We have estimated pooled regression, fixed effect and random effects models as below. 
 
  Table 2. Basic panel data models estimated for OECD growth-foreign debt data 
MODEL Variable Coefficient Std. Error t-Statistic Prob. 
POOLED C 3.581922 0.153903 23.27396 0.0000 
 GED 0.709399 0.013598 52.17087 0.0000 
 R-squared 0.899531 Mean dependent var 11.59019 
 Adjusted R-squared 0.899200 S.D. dependent var 0.612379 
 S.E. of regression 0.194424 Akaike info criterion -0.431035 
 Sum squared resid 11.49143 Schwarz criterion -0.406698 
 Log likelihood 67.94834 Hannan-Quinn criter. -0.421302 
 F-statistic 2721.799 Durbin-Watson stat 0.042691 
 Prob(F-statistic) 0.000000    
FIXED EFFECT C 3.257243 0.295520 11.02209 0.0000 
 GED 0.738161 0.026174 28.20159 0.0000 
 R-squared 0.980996 Mean dependent var 11.59019 
 Adjusted R-squared 0.979874 S.D. dependent var 0.612379 
 S.E. of regression 0.086875 Akaike info criterion -1.991669 
 Sum squared resid 2.173615 Schwarz criterion -1.772635 
 Log likelihood 322.7254 Hannan-Quinn criter. -1.904070 
 F-statistic 874.5178 Durbin-Watson stat 0.231815 
 Prob(F-statistic) 0.000000 0.000000   
RANDOM EFFECT C 3.317631 0.271977 12.19821 0.0000 
 GED 0.732811 0.023760 30.84208 0.0000 
 R-squared 0.758275 Mean dependent var 1.278200 
 Adjusted R-squared 0.757480 S.D. dependent var 0.176188 
 S.E. of regression 0.086766 Sum squared resid 2.288616 
 F-statistic 953.6265 Durbin-Watson stat 0.219028 
 Prob(F-statistic) 0.000000    
 
First comparison is to be made between pooled regression and fixed effects using the null hypothesis of restricted 
(pooled) model against the alternative hypothesis of fixed effects. The test statistics is calculated as  
 
76.89416
2)-17-17x182.173615/(
1)-(172.173615)/-11.49143(
)/(
)1/()(   
 
KNNTRSS
NRSSRSS
F
fem
femprm
cal
 
which is far greater than the approximate critical value of 66.1287;162;1 # FF vv . We reject the null hypothesis of  
pooled regression in favor of fixed effects model. 
 
Comparing fixed effects and random effects, using the Hausman test, the null hypothesis of random effects 
cannot be rejected with a chi-square statistic of 0.237363 and significance probability of 0.6261.  As yet we have not 
paid attention the DW autocorrelation statistic. In all three models above, DW statistics are, being close to zero, 
indicative of positive autocorrelation. To overcome this problem, we need some dynamic specifications. However 
when dynamic models specified as random effects model, lagged variables will be correlated with error term, LS 
estimates will be biased. In this case Arellano and Bond (1991) or Arellano and Bover (1995) estimators will be 
consistent. 
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  Table 3. Alternative dynamic panel data models estimated for OECD growth-foreign debt data. 
MODEL Variable Coefficient     Std. Error t-Statistic Prob. 
MODEL 1 C 0.499113 0.183004 2.727343 0.0068 
 GED 0.076440 0.027271 2.802916 0.0054 
 GDP(-1) 0.884110 0.032115 27.52951 0.0000 
 R-squared 0.995287 Mean dependent var 11.60033 
 Adjusted R-squared 0.994973 S.D. dependent var 0.608569 
 S.E. of regression 0.043150 Akaike info criterion -3.384792 
 Sum squared resid 0.502716 Schwarz criterion -3.143747 
 Log likelihood 508.1025 Hannan-Quinn criter. -3.288207 
 F-statistic 3167.596 Durbin-Watson stat 1.368747 
 Prob(F-statistic) 0.000000   0.000000 
MODEL 2 C 0.848160 0.154263 5.498159 0.0000 
 GED 0.491099 0.043146 11.38227 0.0000 
 GDP(-1) 0.922853 0.026742 34.50979 0.0000 
 GED(-1) -0.486259 0.043157 -11.26717 0.0000 
 R-squared 0.996798 Mean dependent var 11.60033 
 Adjusted R-squared 0.996572 S.D. dependent var 0.608569 
 S.E. of regression 0.035632 Akaike info criterion -3.764446 
 Sum squared resid 0.341535 Schwarz criterion -3.510714 
 Log likelihood 563.9624 Hannan-Quinn criter. -3.662777 
 F-statistic 4407.407 Durbin-Watson stat 1.754932 
 Prob(F-statistic) 0.000000 
 
0.000000   
MODEL 3 C 0.807860 0.189840 4.255483 0.0000 
 GED 0.107907 0.028257 3.818806 0.0002 
 GDP(-1) 1.164020 0.064591 18.02152 0.0000 
 GDP(-2) -0.337838 0.061403 -5.501965 0.0000 
 R-squared 0.995580 Mean dependent var 11.61081 
 Adjusted R-squared 0.995247 S.D. dependent var 0.604711 
 S.E. of regression 0.041690 Akaike info criterion -3.446425 
 Sum squared resid 0.437990 Schwarz criterion -3.181293 
 Log likelihood 488.7138 Hannan-Quinn criter. -3.339984 
 F-statistic 2987.609 Durbin-Watson stat 1.841248 
 Prob(F-statistic) 0.000000    
MODEL 4 C 2.185590 0.352216 6.205254 0.0000 
 GED 0.424981 0.046651 9.109847 0.0000 
 GED(-1) -0.384974 0.047522 -8.100976 0.0000 
 GDP(-1) 0.988978 0.057704 17.13886 0.0000 
 GDP(-2) -0.219395 0.054934 -3.993817 0.0001 
 @TREND 0.004151 0.001094 3.793810 0.0002 
 R-squared 0.996953 Mean dependent var 11.61081 
 Adjusted R-squared 0.996698 S.D. dependent var 0.604711 
 S.E. of regression 0.034751 Akaike info criterion -3.803808 
 Sum squared resid 0.301904 Schwarz criterion -3.512162 
 Log likelihood 539.3178 Hannan-Quinn criter. -3.686722 
 F-statistic 3895.760 Durbin-Watson stat 1.969852 
 Prob(F-statistic) 0.000000    
 
Dynamic models are acceptable both in terms of coefficient estimates and DW autocorrelation statistics. In terms 
of DW the last model is the best. A further test of Arellano-Bond serial correlation test for this last model shows that 
there is no serious autocorrelation left in the residuals. We cannot reject the null hypothesis of no serial correlation 
at 10 percent significance level. 
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4. Conclusion 
External debt and GDP relationship has long been a focus of interest for many econometricians. Mostly single 
country time series analyses with a few panel data outcome of these studies are contradicting. In an attempt of 
unifying we have tried a panel data model of 17 selected OECD countries. We have estimated pooled regression, 
fixed effects and random effects models.  
 
The result in this first round of estimation was in favor of fixed and ultimately random effects model. However, 
error terms of all these models turned out to be serially correlated. To overcome this problem several alternative 
dynamic models have been experimented. Overall result of study shows that for the OECD countries the foreign 
debt growth relationships is a positive one. Although there are some countries in the world that have a negative 
relationship, for the case of OECD at least, positive relationships are indicative of good policy administration. 
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